Objectives To compare the effects of four different amounts of exercise for preventing depressive symptoms in community-dwelling older adults. Design Prospective cohort study. Setting A nationally representative sample in Taiwan. Participants Four waves of the survey 'Taiwan Longitudinal Study on Aging (TLSA)' from 1996 to 2007 were analysed. A total of 2673 older adults aged 65 years and over were recruited. Primary and secondary outcome measures Depressive symptoms were measured using the Center for Epidemiologic Studies Depression Scale (CESD). Four different types/amounts of exercise were examined including: (1) 3 times/week, 15 min/time; (2) 3 times/ week, 30 min/time; (3) 6 times/week, 15 min/time; and (4) 6 times/week, 30 min/time. All exercise types were required to have at least moderate intensity. The impacts of different amounts of exercise on depressive symptoms were analysed using generalised linear mixed models. Results More than one-fifth of the elder individuals under consideration had depressive symptoms (CESD ≥10). About 38.6% of older adults met the lowest criteria for exercise type 1, and fewer (28.0%) met the highest criteria for type 4. Only exercise type 4 in the current survey was initially related to lower depressive symptoms (OR=0.8, 95% CI 0.66 to 0.95). However, after considering the interaction between time and changes in exercise patterns, the results showed that all persistent exercise models, even if a very low amount (3 times/week, 15 min/ time), had significantly preventive effects on depressive symptoms (OR=0.56~0.67). Conclusion Consistent exercise with at least 15 min per time, three times a week of moderate intensity is significantly associated with lower risk of depressive symptoms. This low amount of exercise may be easier to promote at the community and population level than other alternatives. Trial registration Registry number 104040 of the Institutional Ethics Committee of Chia-Yi Christian Hospital.
INTRODUCTION
Late life depression is an important health issue among different ethnic groups, affecting 13.7% of the population in the USA and 20% of older Chinese adults in Taiwan. 1 2 Depressive disorder has been indicated as one of the top 10 causes of years lived with disability among 188 countries based on the Global Burden of Disease Study, 2013. 3 It has also been closely linked to quality of life among community-dwelling older adults in many studies. [4] [5] [6] Several relevant interventions have been suggested for preventing or treating depression in addition to medicine. For instance, having a marital partner or having good social support will significantly reduce the impacts of disability from depression. 7 Psychological intervention, especially group based, has been shown to have benefits in regard to both prevention and economic effects. [8] [9] [10] Six weeks of healthy dietary practice has also been helpful in reducing depressive symptoms, and the benefits may be sustained for as long as 2 years. 11 However, even in ancient Greece, Hippocrates suggested that his patients exercise to treat the behaviours of overconsumption, and Galen further instructed patients to exercise to reduce troublesome depression. 12 Many
Effects of different amounts of exercise on preventing depressive symptoms in community-dwelling older adults: a prospective cohort study in Taiwan ► This is the first report to compare the effects of four different amounts of exercise on preventing depressive symptoms in older adults. ► The strengths of this study include the fact that it is a nationally representative sample, a longitudinal cohort design, an examination of the changes in exercise status over time and a proper consideration of statistical analysis methods. ► However, the effects of different variables for depression may be altered for different cohorts because of changes in medicine, nutrition or the environment. ► The outcome event was performed the same time as the second visit to develop the changes in exercise patterns, which may reduce the interpretation of a causal relationship.
Open Access mechanisms of antidepressive effects of exercise were summarised in Rethorst, Wipfli and Landers's study. 13 For example, four mechanisms in hippocampal neurogenesis can be potentially facilitated by exercise: increases in B-endorphins, vascular endothelial growth factor, brain-derived neurotrophic factor and serotonin. Thus, exercise is potentially an effective approach to treating or preventing depression.
Little research has focused on the relationship between exercise and depressive symptoms in the elderly. Among the limited number of studies, exercise seems to have similar effects to those of some pharmacological treatments, 14 but some meta-analysis studies have yielded inconsistent results. [15] [16] [17] Also, exercise did not always show benefits related to preventing or treating depression because many of the studies did not control for previous levels of depressive symptoms, and only a few included a follow-up period of more than 2 years. Furthermore, since exercise status changes as people age, how the transitional patterns of exercise in older adults affect depressive symptoms has yet to be studied.
In addition, in the case of older adults, exercise programmes must consider both intensity and duration. The general recommendation for exercise by the American College of Sports Medicine is moderate intensity; exercise is engaged in at least 30 min per day at least 5 days a week to accumulate a total of 150-300 min per week, or vigorous intensity of at least 20 min per day for 3-5 days per week to a total of 75-100 min/week. 18 However, a recent study by Wen et al indicated that a low amount of exercise, which is defined as 15 min per day or 90 min per week at moderate intensity, has proven beneficial in reducing all-cause and all-cancer mortality. 19 This result provides a more age-friendly exercise model, which could be further explored in regard to its effects on depressive symptoms in older adults.
Therefore, in this study, we use an 11-year cohort data from a population-based survey to examine how different amounts of exercise affect depressive symptoms in older adults. The purposes of the study were: (1) to examine the impacts of four different types of exercise on preventing depressive symptoms in older adults using Taiwan as an example and (2) to test the effects of changes in exercise status during a specific period of time on depressive symptoms in the elderly.
METHODS

Study design and participants
This is a longitudinal cohort study, using nationally representative data from the survey 'Taiwan Longitudinal Study on Aging, TLSA'. The TLSA survey was undertaken as a collaborative project between the University of Michigan, USA, and the Health Promotion Administration, Ministry of Health and Welfare, Taiwan. There were six waves of surveys for those aged 60 years and over in 1989, 1993, 1996, 1999, 2003 and 2007 . Supplemental cases aged 50 years and older were added to the cohort in 1996 and 2003. A three-stage proportional-to-size probability sampling technique was used in the survey, and face-toface interviews were conducted with each individual. The response rates in each wave were high, ranging from 81.2% to 91.4%.
Since detailed exercise questionnaires were launched in 1996, we combined two cohorts (cohort B aged 67+ years and cohort A aged 50-66 years) in 1996 as our study cohort. The inclusion criterion was aged 65 years and older; the exclusion criteria included those who did not complete the relevant questionnaires, lived in institutions or answered by proxy. We used the 1999 survey as the baseline and followed subjects up to 2007. A total of 2673 valid participants was selected as the baseline, and 5923 observations were counted.
Due to the significant effects of previous depressive symptoms and changes in exercise behaviour on depression, we used more retrospective data as control variables from the 1996 survey when analysing the effects in 1999. Thus, the total number of observations in the four-wave surveys was 8397. The flow chart of the valid sample size is shown in figure 1 . This study was approved by the Institutional Ethics Committee of Chia-Yi Christian Hospital (registry number 104040).
Measurements
Dependent variable: depressive symptoms Depressive symptoms were measured with the Center for Epidemiologic Studies Depression Scale (CESD). This 20-item scale assessment 20 was modified to a 10-item scale, 21 which was used in the TLSA survey. Each item was scored from 0 to 3, making the total score range from 0 to 30. The measure, with a cut-off score of 10, has been recommended as a good tool to assess depressive symptom severity at the community level. 22 Because level of depressive symptoms is associated with future depression and quality of life, 23 24 we categorised the level of depressive symptoms into no depressive symptom, defined as CESD=0; lower level of depressive symptoms (LLDSs), 0<CESD≤9; and higher level of depressive symptoms (HLDSs), CESD ≥10.
Independent variables: types/amount of exercise and changing patterns The degree of exercise was quantified by asking about the frequency (0, ≤2, 3-5, ≥6 times per week), duration (<15 min, 15-30 min, >30 min) and intensity based on sweating level (none, a little, a lot and none of the above) and panting level (none, a little, a lot and none of the above) after exercise.
Four types/amount of exercise were classified in this study. Exercise type 1 means that exercise of at least moderate intensity was performed ≥3 times/week, ≥15 min/time (T3_15); exercise type 2 means ≥3 times/ week, >30 min/time (T3_30); exercise type 3 means ≥6 times/week, ≥15 min/time (T6_15); and exercise type 4 means ≥6 times/week, >30 min/time (T6_30). Moderate intensity was defined as experiencing some sweating and panting after exercise.
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Patterns of exercise consistency refers to changes in the practice of respective exercise types between two waves, which was classified as: (A) low pattern (pattern NN): the respective exercise type was not practiced in the previous or in the current surveys; (B) declining pattern (pattern YN): the respective exercise type was practiced in the previous but not in the current surveys; (C) increasing pattern (pattern NY): the respective exercise type was practiced in the current but not in the previous surveys; and (D) persistent pattern (pattern YY): the respective exercise type was practiced in both the previous and in the current surveys. In the analysis, all models were based on paired observations between two waves, for example, 
Control variables
Sociodemographic variables included gender, age, marital status (married or living with a partner was coded as 1, otherwise 0), level of education (none, elementary, junior high school, senior high school and college and above), economic satisfaction (dissatisfied and satisfied) and employment status (yes/no).
Physical function involved reversing the scale of a 4-point measurement inquiring the level of difficulty of seven mobility tasks, including standing for 15 min, squatting, raising both arms up, grasping with fingers, lifting an 11 kg weight, running 20-30 m and climbing up two to three floors. The sum of the physical battery ranged from 0 to 21. A higher score indicated a better physical battery. These measurements have been reported as hierarchically associated with instrumental and basic activities of daily living. 25 Social participation refers to participation in any of the following groups: volunteers, community groups, religious groups, occupational associations, political parties or groups, social service groups, clan associations, senior groups or schools. Social participation was coded as a binary variable (yes/no).
Emotional support was the summed scores of seven items, which were coded from 0 to 3, including (1) family/relatives/friends care about you; (2) family/relatives/friends listen to you; (3) you can count on family/ relatives/friends when you are ill; (4) you are satisfied with the support from your family/relatives/friends; (5) how often do your family or friends come to you for opinions?; (6) in what ways do you feel that you are helpful to your family or friends?; and (7) how often do you feel rejected by your family/relatives/friends? The last item was scored reversely.
Health-related variables included self-rated health (poor, fair and good) and other binary variables such as current smoking and 10 chronic conditions including Open Access cancer, chronic respiratory disease, gastrointestinal disease, hypertension, diabetes mellitus, heart disease, stroke, arthritis, hepatobiliary disease and renal disease.
Statistical analysis
The descriptive analysis of depressive symptoms and covariates were presented as a mean±SD or as n (%) for continuous or categorical data, respectively. We applied generalised linear mixed models via PROC GLIMMIX to estimate the effects of different transitional patterns of exercise on depressive symptoms with HLDS as the event, after adjusting for the previous CESD score, age, gender, level of education, marital status, smoking, physical function, emotional support, social participation, self-rated health, economic satisfaction, employment and 10 chronic conditions. The interaction of time and transitional patterns of exercise was also included in the above analysis. A two-sided p value <0.05 was considered statistically significant. All data were merged and analysed using SAS V.9.2 (SAS Institute, Cary, North Carolina, USA).
RESULTS
There were 2673 valid subjects selected from the survey conducted in 1999, and a total of 8397 observations in four survey waves. Table 1 shows the distribution of characteristics for the subjects from 1999 (baseline) to 2007. At baseline, the average age was 74.2±5.7 years old, of which 54.5% were men. The prevalence of LLDS and HLDS was 20~24% over time. About 38.6% of participants met the lowest criteria of T3_15, and fewer (28.0%) met the highest criteria of T6_30. Noticeably, in any survey, exercise models T3_15 and T6_15 have a higher proportion than T3_30 and T6_30. This may imply the difficulty for older adults to engage in long periods of exercise. Table 2 illustrates the OR of HLDS according to the current practices of exercise models and other determining factors. Only exercise type 4 (T6_30) had a significant reducing effect on HLDS (OR=0.80, 95% CI 0.66 to 0.95). Also, the previous level of depressive symptoms, physical function, emotional support, selfrated health and economic satisfaction were all positively predictive of HLDS. Table 3 shows the predictive effects of previous exercise models for higher levels of depressive symptoms. However, none of the four exercise models in the previous survey could predict the presence of higher levels of depressive symptoms. Namely, previous exercise behaviour appeared to have no benefits on reducing depression, regardless of the amount or type of exercise. This may suggest that the effects of exercise on depressive symptoms are only concurrent and short term.
Thus, we conducted another test to examine the effect of changes in different exercise models on depressive symptoms, as shown in table 4. After controlling for other determining factors and considering the interaction of time and patterns of exercise, the results indicated that only persistent patterns (pattern YY) reveal a significant protective effect from higher levels of depressive symptoms, regardless of exercise type (OR=0.58, 0.56, 0.67, 0.62, respectively, all p<0.05). Namely, even the lower amount of exercise (T3_15) may have protective effects on depression as long as older adults continuously reach moderate intensity for at least 15 min with a frequency of no less than three times a week.
DISCUSSION
Very limited research has been conducted to determine the long-term effects of different exercise models on depressive symptoms in the elderly. The purpose of the current study was to examine the impacts of four different types of exercise on depressive symptoms in community-dwelling older adults. We found that only current exercise type 4 (T6_30) was significantly associated with lower depressive symptoms, whereas previous exercise behaviour seemed to have no benefits with regard to reducing depression. However, when considering the changes in exercise behaviour between two waves, this study shows that different patterns of exercise are significantly associated with HLDS outcomes. Only the persistent patterns of exercise (pattern YY) revealed a significant protective effect from higher levels of depressive symptoms.
Furthermore, this study shows that persistent low-volume exercise, that is, ≥15 min of moderate intensity exercise (T3_15 and T6_15), can provide preventive effects on depressive symptoms, similar to the benefits of high-volume exercise, that is,≥30 min of moderate intensity exercise (T3_30 and T6_30), in older adults. These findings suggest that short, age-friendly exercise types may benefit older adults both physically and psychologically.
Comparing similar studies from Ku et al, where they suggested that exercise frequency may be important for depressive symptoms 26 and where the changing pattern of the low-low group led to a high risk of developing depressive symtoms, 27 our study revealed that consistency may be the key factor, regardless the frequency or duration of exercise, as long as the exercise is of moderate intensity. Namely, both exercise frequencies of ≥3 times/ week or ≥6 times/week with at least 15 min or 30 min each time showed significantly negative association with higher levels of depressive symptoms in this study. These results indicate the importance of the consistency of exercise.
Noticeably, the study by Ku et al analysed only traditional types of physical activity according to frequency, while in this study, we compared four types of physical activity and measured physical activity simultaneously by using three dimensions, including frequency, duration and intensity. In addition, we considered important covariates related to depressive symptoms, such as social participation, emotional support, mobility and self-rated health, among others. Therefore, we believe our results can substantially contribute to the existing knowledge of the relationship between physical activity and depressive symptoms. 
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Another study using a Taiwanese national survey suggested promoting high intensity, rather than frequent or long duration exercise, to improve mental well-being in older adults, 28 the results of which are not completely compatible with our findings. However, the nature of the cross-sectional study design used in that study may have caused it to have a higher possibility of overinterpretation of the results. Less depressed people may be more likely to engage in higher intensity exercise as compared with more depressed people. Our longitudinal study suggests that a low amount of exercise also has benefits related to preventing depressive symptoms. Furthermore, transitional patterns of exercise may be more important than the current exercise models that people are practicing.
Physical inactivity was found to be among the top 10 leading risk factors for the global disease burden in Open Access 2010. 29 It is important to promote exercise, especially among older adults, who are more vulnerable to physical and psychological dysfunctions. The general recommendation for older adults is moderate intensity exercise accumulated to at least 30 min each day for at least 5 days a week to total 150-300 min/week, or vigorous intensity exercise at least 20-30 min per day for 3-5 days per week to total 75-100 min/week. 18 However, East Asians usually engage in fewer physical activities at lower intensity than people in western countries. 30 31 In consideration of physical conditions, it would be helpful to determine the minimal volume of exercise for older adults required to improve their health.
This study showed that the percentage of participants who engaged in exercise type T6_15 was higher than that of T3_30 and T6_30, which indicates that lower intensity, higher frequency exercise may be more acceptable to older people than higher intensity exercise at a lower frequency. Furthermore, the low-volume exercise type has been shown to have benefits related to reducing all-cause mortality and all-cancer mortality. 19 32 Therefore, based on the findings of our study, we feel confident about concluding that persistent low-amount exercise with the same moderate intensity (at least ≥15 min/6 times/week) may also benefit older adults both physically and psychologically. Because of the social stigma of depressive symptoms, many people with this condition tend to remain undertreated. When unable to appropriately address the causes or when there is no access to adequate non-medical or community services to treat depression, patients may become further burdened due to a lack of solutions for specific conditions. 33 Our study provides a practical and non-medical option to prevent higher levels of depressive symptoms. Most importantly, it will help reduce the unnecessary use of medication, which sometimes causes adverse drug reactions in older adults, and it may also help people when they lack awareness of their disorder or are reluctant to be treated.
Still, there are several other factors affecting depressive symptoms. Depression is significantly associated with chronic medical conditions, problems with activities of Open Access Open Access daily living (ADLs), poor social support and previous depressive conditions. 7 34 35 Functional limitations and arthritis are among the strong risk factors in chronic conditions for depression. 36 Physical function, emotional support, self-rated health and economic satisfaction were consistently shown to significantly influence HLDS in all analyses in our study. However, among the above-mentioned factors, exercise is the more changeable variable, which could also benefit physical function and self-rated health.
This is the first report to examine the impacts of four different types of exercise on depressive symptoms in the elderly according to the recommendations of different experts. 18 19 However, there have been previous studies that have examined the relationship between physical activity and depressive symptoms in the elderly with different definitions of exercise groups in different areas (city/rural). 37 38 Thus, to compare the results, the compatibility of participants, the exercise measurement and the categories of the exercise groups should be carefully considered. The advantages of this study include the fact that it included a nationally representative sample, a longitudinal cohort design, a test of different amount of exercise, an examination of the changes in exercise status over time and a proper consideration of statistical analysis methods.
Nonetheless, the study has some limitations. First, the observation for the outcome event was performed the same time as the second visit to develop the variables for transitional patterns of exercise, which may have reduced the interpretation of a causal relationship if the association between current exercise and the outcome event is too strong. However, if the assumption is true, the bias will support the null hypothesis. The results indicate that the significantly protective effects of a persistent pattern of exercise are consistent across all types of exercise considered in this study. The increasing exercise pattern did not result in the same finding, although both patterns indicated that the subjects had practiced the respective exercises on their second visit. We are therefore comfortable with inferring that a persistent pattern of exercise has more influence than increasing and other transitional patterns of exercise. Second, the effects of different variables for HLDS may be altered for different cohorts because of changes in medicine, antidepressants, nutrition or in the environment. This may limit the application of the findings of this study. Third, the measurement for physical activity did not include a timeframe but only asked participants 'Do you usually engage in exercise?' This may reduce the reliability of the measurement of exercise. However, most of the time, when a questionnaire does not mention a timeframe, it implies 'in the past year'. Lastly, ADLs were not included in the analysis because it may include those who cannot perform exercise. We used physical function ability, which has shown to be hierarchically associated with instrumental and basic ADL 25 to control for any differences related to limitations in mobility.
CONCLUSION
Consistent exercise comprised of at least 15 min per time, three times a week of moderate intensity is significantly associated with lower risk of depressive symptoms. Increasing the frequency to more than five times per week will benefit older adults both physically and psychologically. We recommend taking this low amount of exercise into serious consideration when designing exercise programmes related to older adults.
